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ABSTRACT 

Composite beta spectra for  mixed f i ss ion  products of U235 have been 
computed as the weighted sum of the theoretical  beta spectra of the ind i -  
vidual endtters. 
240, 4f)O, and 960 seconds, and 1 year. 
and 10 seconds were used. 
considered accurate t o  within 1 5  $ for dec 

3 Reactor operating times used were: 0, 30, 60, 120, 
Sixteen decay t i m e s  between 10 

Results a re  graphically presented a d a re  E times leas  than 10 seconds, 
and t o  w i t h i n  5 $ fo r  times greater than 1 Yt seconds. 
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SUMMARY 

Beta energy spectra from point source par t ic les  irradiated by both 
~ thermal and f iss ion neutrons were computed a t  16 decay times fo r  each 

of 8 different reactor times. 

Problem 

a r t i c l e s  from reactor excursions represent a hazard when i n  contact 
w i t h  t i ssue because of the beta rays emitted f r o m  the f iss ion products 
i n  the particle. For the determination of this hazard, the number and 
energy of the beta rays  must be known. 
these emitted beta energy spectra from part ic les  a t  selected times after 
f i s s ion  f o r  reactors with various histories. 

The problem is t o  calculate 
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I .  

. 

A possible hazard s i tuat ion exists fromtk emitted beta rays of 
fission products i n  debris particles produced by a nuclear reactor ex- 
cursion or re-entry burn up. To calculate t h i s  hazard it i s  necessary 
t o  know the beta energy spectrum of the mixtures of f iss ion products 
present a t  any given time a f t e r  a particular reactor history. 

The beta spectra were computed, rather than measured experimentally, 
because oaly by computation could a spectrum be conveniently obtained f o r  
any desired reactor operating time and decay time. The composite spectra 
are generated as the weighted sum of the  spectra of individual beta e m i t -  
t e r s ,  by a method that has been presented previously.1 The individual 
negatron spectra have been presented i n  an ea r l i e r  phase of t h i s  workO2 
The weighting factors fo r  the nuclide abundances were computed a t  the 
desired times using a f iss ion product abundance program.3 

Degradation of the spectra due t o  self-absorption by the debris i s  
not treated, fo r  the present. Thus the  plots presented i n  th i s  report 
represent the  beta energy distributions which would be emitted from in- 
f initesimally small debris particles. 
source of high-2 material, such a s  U235, is  treated i n  a forthcoming 
report.* 

The effect  of a f in i t e ,  spherical 

4-6 Other e f for t s  have been made t o  compute composite beta spectra, 
but the methods employed involved approximations i n  degrees of forbidden- 
ness which make the error i n  t h e  spectra indeterminate and quite possibly 
large . 

II. COMRJTATION AND ME;THOD OF PRESENTATION 

A. Outline of the Computation 

7 The beta spectra a computed fromthe Fermi theory w i t h  a correc- 
t ion  due t o  Konopinski F fo r  unique first-forbidden transitions. The 

W .  L. Hogan, "Beta Spectra IV. Degraded Beta Spectra from a f i n i t e  
Spherical Source", USNRDL-TR- (in preparation) . 
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equations used f o r  the one o r  more beta transit ions of individual beta 
emitters are derived i n  Ref. 1. 

Composite spectra, S(E,t), of a collection of beta-emitting nuclides 
are generated a s  the  weighted sum over a l l  of the j nuclides i n  the 
mixture : 

where A t) = the ac t iv i ty  of the jth nuclide a t  the time, t* 
Bj[E) = beta spectrum 

Ekpected and median energies are presented w i t h  each spectrum. The 
expected energy is  defined as: 

Eo - r 
J O  E S(E,t) dE 

S(E,t) dE 
O 

The median energy is tha t  value of the energy such that half of the 
betas a re  of greater energy and half are of less energy. 
appears a s  the upper l i m i t ,  E,/2, on the first integral  i n  the defining 
e quat i on : 

Its value 

B. Presentation of the Spectra 

t o r  shut-down f o r  8 reactor operating t i m e s ,  and 2 f i ss ion  @pes. 
2 fission types a re  Up35 w i t h  thermal neutrons and $35 w i t h  f i s s ion  
neutrons. 

Spectra have been computed a t  arbitrarily selected times af'ter reac- 
The 

Not a l l  o f t h e  spectra computed have been esented. I n  si tuations 
where lotted spectra f o r  $35 thermal and U 2 3 ~ f i s s i o n  look alike, only 
the U255 thermal spectra are presented. 

%e program fromwhich abundances a re  obtained is described i n  Ref. 3. . 
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The spectra are presented (Appendix 11) in plotted form only. For 
many kinds of hazard analysis, the accuracy these provlde is adequate.* 
The original plots w e r e  5 in. x 8 in., prepared on a Calcomp (Model 570) 
automatic plotter,  which is accurate t o  0.01 inch. 
ducibi l i ty  may be gained from examination of the spectra shown i n  Appen- 
d i x  11, each of which was traced 3 times. 

An idea of the repro- 

The total  numbers of beta perticlea per second for each of the spec- 
t r a  computed are presented i n  Tables 1 (Thermal Neutron) and 2 (Fission 
Neutron), Appendix I. 

The expected and median energies f o r  each of the spectra computed 
are presented i n  Tables 3 (Thermal Neutron) and 4 (Flssion Neutron), 
Appendix I. Despite the  f ac t  that  these values appear on the plots, 
separate tabulation i.s presented i n  order t o  emphasize the trends and 
similarities among the values. 

111. TlME FOINTS CHOSEN 

Two times are important i n  determining the characterist ics of the 
spectra: 
or  excursion, and (2) the length of the decay t i m e  since reactor operation 
ceased. 
decay times i n  Table 2. 

(1) the length of time t h e  reactor operated before shutdown, 

The reactor operating times are shaJn i n  Table 1, below; the 

Table 1 

Reactor Operating nmes 
tsec) 

38 
60 
120 
240 
480 
960 

1 year 

*For very careRil work, however, more accurate values of the spectra 
may be had by repeating the computations described i n  1I.A. and thus 
obtaining numerical l ists  of the spectrum values. 
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Table 2 

1 x lo5 5 
2 x lo5 
4 x lo5 
7 x 106 
1 x io6 
4 lo7 
1 lo8 
1 10 

Short operating times w e r e  chosen became they seemed the most prob- 
able times f o r  an operating nuclear reactor i n  space. The 1-year operat- 
ing t i m e ,  which represents steady-state, is added as a point f o r  campari- 
son. 

For the fac i l i t a t ion  of the intercamparison of spectra, all reactor 
operation pawers were! adjusted so that 1 megawatt-second had been pro- 
duced, o r  3.3 x 10l6 flssions, had Occurred, by the end of the operating 
time. 

The decay times w e r e  chosen t o  permit easy graphical interpolation. 

IV. SOURCES OFERROR 

Two sources contribute t o  the  possible error  i n  the composite beta 
(1) uncertainty i n  the nuclear data spectra presented i n  this report: 

t 2) lack of data fo r  nuclides known t o  be beta-emitters. 
1.e. half-lives, end-point energies, forbiddenness assignments) , and 

Uncertainty i n  the nuclear data usually produces only re la t ive ly  
small errors, up t o  about 5 $ i n  the value of the ordinate of an indivl-  
dual spectrum a t  any point. This er ror  becomes less s ignif icant  i n  the 
weighting and summing process, wMch makes the contribution of that nu- 
clide only a small percentage of the t o t a l  value of the spectrum. 

h i s s i o n  of certain nuclides f o r  which adequate input data t o  pre- 
Fortunately, pare spectra are lacking may produce non t r i v i a l  errors.  

the beta-emitters fo r  which data are not known m e  i n  most cases of 
short half-life. I n  the present calculations tus er ro r  l a  estimated 
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8 .  

at  1 5  $ or l ea s  for d e w  times shorter than lo3 seconds and not greater 
than 5 
the nuclides responsible for this error. 

for times greater than Id, secoads. Table 5 in Appedix  I lists 

v. SUMMAHY 

c t r a  f o r  mixed f i ss ion  products f ran  $35 thermal- 
neutron f i ss ion  and $ 5  fission-neutron f i ss ion  have been computed f o r  
various combinations of reactor operating times and decay times. Results 
of the computations are presented graphically. meted and median ener- 
gies, and the beta emission rates f o r  the various si tuations,  are tabu- 
lated separately. 

Composite beta s 
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Beta-Rnltting Fission Product Nuclides Nut  Included i n  the 
Coarposite Spectra 

As80 
se 83 
sea 
E?cz - 
Sr 94 
y 9 5  
m 
m loo 
Nb lOOA 

Nb 101 

MO 105 

Tc 102 
Alm 

4 3  113 
Cd 117 
Cd ll9 
Cd 120 

T 
1/2 

36 8 

25 m 
3 m  
2.9 m 
8.2 m 
1.3 m 
10.5 m 

5 1 m  
3 m  

11.5 m 
1.0 m 
2 m  

10 m 
5.5 h 
5.3 h 

5 0 m  
l l m  

1 m  

Sn 126 
Sn 127 
Sn 128 
Sn 129 
Sn 130 
Sn 131 
Sn 132 
Sb 131 
Sb 132 
E a 2  
Te 134 
I 136 
Xe 139 
C s  140 
Ba 142 
Ce 147 
Ce 148 
Pr 147 
Pr 148 

T1/2 

2 105 
2.1 h 

57 m 
1.8 h 

2.6 m 
1.3 m 
1.0 m 

23 m 
3.1 m 
2.7 m 

42 m 

85 
41 s 
6 6 s  
l l m  
1.2 m 
0.7 m 

12 m 
2 m  

- 

Note: 
i s  the principal sour e o 
short decay times (1 d-lof; seconds). See section IV.  

Omission of the spectra of the 10 nuclides underlined 
error i n  the composite spectra at  
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APPENDIX I1 

COMFOSITE BCPA SPECTRA OF U235 FISSION PRODUCPS AT SELECTED T31MES AFDZR 
l?tSSIOM 

The time a f t e r  f iss ion and the reactor running time are  contained 
a f t e r  U235TH f o r  U235 thermal i n  the numbers on the figures, appeari 

example, curve 1 of Figure 1 read 1.000 + 03 s. The 1.......+ 03 refers 

t o r  running time of 0 seconds (instantaneous fission).  
4 f o r  a tabular sequence of these times. 

neutron f iss ion and a f t e r  U235FI f o r  U2 9 5 f i ss ion  neutron fission. For 

t o  a time after f ission of 1 x 1 3 seconds, and the  OOO refers  t o  a reac- 
See Tables 3 and 
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